FREQUENCY AND TEMPERATURE DEPENDENCE OF J H NMR OF TRANS-<CH) Y (a)
P.E. Sokol* (1) , J.R. Gaines (1) , S.I. Cho^-, D.B. Tanner""" (X) , H.W. Gibson (2) and A. Résume -Nous avons étudié" la dépendance en température (0,3K<T <4^2K) et en fréquence (23MHz <"f <35MHz) du temps de relaxation spin-lattice T des protons dans le composé trans-(CH) Abstract -We have carried out a study of the temperature (0.3K<T ^4.2K) and frequency (23MHz <f <35MHz) dependence of the proton spin lattice relaxation time, T, of trans-(CH) . The data at 4.2K are in agreement with earlier measurements of Nechtschein et al. As the sample is cooled, T continues to increase, with -I -h T T =°ff -/3, where <X and /3 are temperature dependent quantities. Alternately T is expressed as an activated quantity, T = A exp(-A/T), with /I « /*H (A and ^ constant). The observed g factor of 3.3 for the activation energy suggests that we are in the low temperature limit for I-D nuclear spin diffusion as discussed by Clark et al.
Polyacetylene, (CH) , has been the subject of much recent work /l,2/. Many of the studies have concentrated on the question of the existence of domain walls (solitons) in the trans-(CH) ehain. Earlier experiments that have attempted to measure the motion of the soliton and its coupling to the (CH) chain have been in the temperature range from room temperature to 4.2K, where the x magnetic spin energy is much less than the thermal energy, kT. We report here measurements that are at lower temperatures where the magnetic spin energy becomes comparable to or larger than kT. D m experiments show a Solid State Effect (SSE) indicating that the soliton is becoming localized. For a localized soliton nuclear relaxation will occur through diffusion of the nuclear magnetization, along the (CH)x chain, to the fixed soliton.
' H NUCLEAR MIAXATION
When the electron and nuclear Zeeman energies, W e and w, respectively, are much smaller than kT the nuclear relaxation rate is given by /5/ where <A'> and (0~2 are the mean square of the scalar and dipolar parts of the hyperfine coupling and dLand d+are the fourier transforms of spin correlation functions. At high temperatures in the isotropic paramagnetic region one has adz=&* For a soliton moving with I-D diffusive behavior the spectral density is given by where C is a normalization constant. This leads to the I-D diffusive result given by Equation I.
At low temperatures the Zeeman energy of the electron spin becomes comparable to the thermal energy and Equation 2 is no longer valid since dfwill no longer be effective in relaxing the nuclear spins. If the soliton remains freely diffusing at low temperatures then we would observe the behavior predicted by Equation I
with a different proportionality constant than the high temperature value.
The DNP experiments at low temperatures indicate that the soliton is becoming localized. In this case we expect that the nuclear relaxation will procede via I-D diffusion of the nuclear magnetization along the chain to the fixed soliton i.e. nuclear spin diffusion. In this case the relaxation rate is given by / 5 / where C is the soliton concentration, is the nuclear spin diffusion constant, and t i s the electron relaxation time. Because the Zeeman energy for the soliton is on the order of the thermal energy Ccould show a thermally activated behavior of the form where fo is a constant and A is the activation energy. The magnetic energy of the soliton will determine L\ and we would therefore expect A to depend on the magnetic field.
EXPERINENTAL RESULTS
We have measured t e temperature (0.3K<T<4.2K) and frequency (23~Iiz<f<35 MHz) dependance of the ' H nuclear relaxation rate. At the highest temperatures studied in this work our measurements overlap with previous measurements / 4 / and our results are in good agreement with them. We find a relaxation time that increases monotonically as the sample is cooled. Also, at constant temperature the relaxation time increases with increasing magnetic field. We will present the data in terms of both the I-D soliton diffusion model and the nuclear spin diffusion model. Figure I presents the data in a form that shows the I-D soliton diffusion character of the results. Equation I predicts that a straight line passing through the origin should represent the data. We find that the data is represented by a straight line, but that it does not pass through the origin. The data is best represented by the form Figure 3 , depends on t h e magnetic f i e l d applied t o t h e sample. The f i e l d dependance is given by which has been constrained t o pass through zero. Thus we can express our r e s u l t s , i n terms of t h e composite v a r i a b l e H/T, i n t h e simple form
Figure 2 presents t h e d a t a i n a form t h a t shows the I-D nuclear s p i n d i f f us i o n behavior. The l i n e s a r e f i t s t o the thermally a c t i v a t e d form where A i s a constant and a i s t h e a c t i v a t i o n energy. The measured a c t i v a t i o n energy, shown i n

DISCUSSION
Using t h e I-D s o l i t o n d i f f u s i o n model we find t h a t t h e predicted form (Equation I )
does not fit the data without the addition of a temperature dependent 
